Stannoles were prepared by 1,1-organoboration of bis(amino)di(l-alkynyl)tin compounds or di(l-alkynyl)tin dichlorides or -dibromides. Bulky amino groups are required in order to obtain bis(amino)tin dichlorides which do not exchange their ligands. These bis(amino)tin dichlorides were converted into bis(amino)di(lalkynyl)tin compounds, the precursors of the stannoles bearing amino groups at the tin atom. The stannoles bearing chloro or bromo ligands at the tin atom could also be obtained by exchange reactions of other stannoles with tin tetrachloride or -bromide, and, bearing Me 3 Si groups in the 2,5-positions, they were found to be surprisingly unstable with respect to elimination of tin dichloride or -dibromide, respectively. Di(methoxyethynyl)dimethyltin, Me 2 Sn(CsCOMe)2, and -germanium, Me2Ge(C»COMe) 2 , were treated with trialkylboranes. In the case of germanium, new germoles with methoxy groups in 2,5-positions were obtained. In the case of tin, the formation of an unstable intermediate was detected by NMR followed by extensive decomposition at room temperature, and a stannole was not observed.
INTRODUCTION
1,1-Organoboration of 1-alkynylsilicon, -germanium, -tin and -lead compounds provides a versatile route to many novel organometallic-substituted alkenes (Scheme 1), allenes, and heterocycles [1], We have started to introduce functional groups at the site of the alkynyl unit [2, 3] , and also at the site of the Group-14 element, in particular in the case of tin [4] 
Scheme 1.
The straightforward route to numerous metalloles (Scheme 2) with Μ = Si, Ge, Sn and Pb [lb] , when compared with other methods [5] , is especially noteworthy. The kev step involves a zwitterionic intermediate (also proposed in Scheme 1), in which the tin atom is side-on coordinated to the C=C bond of an alkynylborate moiety. Such intermediates have been isolated and characterised bv X-ray structural analysis for M= Sn [6] and Pb [7] , The reaction of tetra(l-alkynyl)tin compounds opens the way to spiro-bistannoles [8.9] , at least for some combinations of R and R 1 . Again it was possible to isolate an intermediate in the case of Μ = Sn, and R = Et. R 1 = Me [10], The spiro-bistannoles could serve as starting materials for stannoles bearing functional groups at the tin atom [11] , and they have already proved useful in reactions with boron tribromide to produce novel carboranes of the type 2,3,4,5-tetraalkyl-1.6-dibromo-2,3,4.5-tetracarba-AJ/i/o-hexaborane(6) [12] , Here we report on some results for stannoles bearing amino, chloro or bromo substituents at the tin atom, and for germoles with methoxy groups in 2,5-positions. 
RESULTS AND DISCUSSION

Synthesis of non-cyclic bis(amino)tin dichlorides I and di(l .alkynyl)bis(amino)tin dichlorides 2-4
Bulky amino groups are required in order to suppress intermolecular ligand exchange in aminotin halides, as has been shown for the case of the synthesis of aminotin trichlorides [13] , The presence of N-silyl groups is important in order to reduce the basicity of the amino group, and this effect is farther enhanced if there is an additional N-boryl group such as the 9-borabicyclo[3.3. l]nonyl (9-BBN) group. There are two routes leading to the bis(amino)tin compounds 1. The first takes advantage of the reactivity of bis(amino)stannylenes towards tin tetrachloride as has been shown previously for the synthesis of la [ 14] , This route turned out particularly successful for lc (R 2 = *Bu) which could not be obtained in pure state by alternative methods. The best alternative (except for lc) is the reaction of tin tetrachloride with two equivalents of the respective lithium amide. All compounds 1 were characterised by their 'H, 13 C, u B, 15 N,
29
Si and " 9 Sn NMR data [15] , The reaction of the tin dichlorides 1 with alkynyllithium reagents afforded in most cases the desired di(lalkynyl)bis(amino)tin compounds 2 -4 in pure state and in high yield (Schme 5). In the case of lc, we have failed to obtain pure compounds of the type 2 -4 . It was possible to show that these reactions proceed stepwise, as expected. However, the compounds of the type [R 2 (Mc 3 Si)N] 2 Sn(Cl)-CeCR (5) were not isolated in pure state. A side reaction was also observed, leading to a small amount of R 2 (Me 3 Si)NSn(CaCR') 3 (6) where one of the amino groups was substituted by a third alkynyl group. The alkvne derivatives 2-6 were characterised or identified in mixtures (5, 6) by characteristic 'H. Under these conditions slow decomposition takes place leading to numerous unidentified products and metallic tin. In the cases of R 1 = SiMe 3 , stannoles were formed selectively, whereas for R 1 = Me mixtures of stannoles and l-stanna-4-bora-cyclohexa-2,4-dienes 9 were obtained. 
Scheme 4
The new heterocycles could be identified by their complete and consistent set of NMR data [15] , and the progress of the reactions was readily monitored by measuring 29 Si or " 9 Sn NMR spectra of the reaction solutions. The NMR data of the stannoles 7 and 8 are rather similar to those for analogous stannoles in which the tin atom is part of an 1,3,2-diazastanna-cyclohexane ring with terf-butyl groups at the nitrogen atoms [4] , In the case of 8c, single crystals were isolated after recrystallisation from Et 3 B as a solvent, and an X-ray structural analysis (see Figure 1) confirmed the presence of the stannole unit [an almost planar five-membered ring with a typically acute endocyclic C-Sn-C bond angle (86.0(1)°)] in the centre of the sterically congested molecule [15] , The six-membered rings of the l-stanna-4-bora-cyclohexa-2,5-dienes are fluxional, and in analogy to NMR data of comparable heterocycles [16] , it is assumed that the boron atom moves out of the plane formed by the tin and the four carbon atoms.
Synthesis of stannoles bearing chloro or bromo substituents at the tin atom
Stannoles 10.11 with chloro or bromo substituents can be obtained either by exchange reactions, starting from spiro compounds or by l,lethylboration of ChSnfCsC-R 1 ); or Br 2 Sn(CsC-R')2 (necessary for R 1 = SiMe 3 , since the corresponding spiro-bistannole does not react with BC1 3 or BBr 3 ) which can be prepared in situ from the tin tetrahalides and Sn(C*C-R') 4 [17], The Schemes 5 and 6 show examples for the exchange reactions and the 1.1-ethylboration, respectively. Surprisingly, the stannoles of type 12, 13 with Me 3 Si groups in 2,5-positions turned out to be rather unstable with respect to formation of tin dihalides and numerous decomposition products [11] . The NMR spectroscopic characterisation of these unstable stannoles revealed 13 C chemical shifts which differed considerable from other stannoles and, in particular, the magnitude of the coupling constants | ; J( u<) Sn, l3 C) | was found to be rather small, considering the presence of electronegative substituents at the tin atom. Some representative data are collected in Table 1 . The comparison of the data for 12 with those for 10 show unexpected trends, in particular when the 1,1-dimethylstannoles are included. The small magnitude of the coupling constants in 12, 13 indicates w eak Sn-C bonds, and this becomes evident by the observed fast decomposition of these stannoles. 
